Traditional propagation method of saffron is slow and the corms can be infected by many pathogens and soil-born diseases which are easily expanded during the replanting process, affecting plant growth and development and consequently reducing flowering and saffron production potential considerably. TDZ before transferring to hormonefree MS medium containing 6 % sucrose for maturation (scutellar or horn-shape stage). Matured embryos were transferred to half strength MS medium without growth regulators for further development, from which microcorms were produced at the basal part after 3 months.
INTRODUCTION
Saffron (Crocus sativus L.) is one of the most valuable industrial crops in Iran which is particularly important in exportation and income revenue. Iran has the first rank regarding saffron cultivation areas (54700 ha) and its production (230 t) in the world (Agricultural Statistics of Iran, 2004) . Saffron is a sterile triploid plant which is naturally propagated vegetatively by daughter corms developing on each mother corm. Each year about 3-4 new corms are produced and therefore the propagation rate of saffron is relatively slow. Traditionally, saffron is cultivated by sowing the rest corms of previous growth season in late summer or early autumn.
Since different pathogens attack the saffron corms, they cause rotting and necrosis and reduce growth and flowering (Plessner et al., 1990, Plessner and Ziv 1999) ; they may even stay alive after replanting.. So, further expansion of pathogens and more reduction of flowering and saffron yield would be expected by this method each year. The average saffron stigma yield in the last ten years has been 4.4 kg/ha which shows a considerable reduction compared to the 2 previous decades (5.3 kg/ha), while potentially it is about 10 kg/ha or even more (Kafi, 2002; Mollafilabi, 2002) . One of the important factors that might cause this reduction is using infected corms in the new or re-planted farms. Finding such a method to produce and supply pathogen-free corms rapidly and efficiently can reduce this problem and cause the endurance and stability of production and increase the saffron yield considerably. Mass production of pathogen-free corms would be also needed for modernization of saffron cultivation (Plessner and Ziv, 1999) .
Infections caused by viruses, mycoplasma, bacteria, and fungi can be eliminated using meristem-tip culture, which is one of the most useful applications of tissue culture, applied to many vegetatively-propagated crops (e.g. Jones, 1986; Boxus and Druart, 1986; Pierik, 1987; Slack and Tufford, 1995) . It is based on the fact that the extreme tip of the meristem (0.1-0.5 mm) is normally free from internal bacterial, fungal and particularly viral contamination, and plants regenerated from this zone are usually pathogen-free (Collin and Edwards, 1998) . Like many other cormous and bulbous plants, meristem culture and regeneration through tissue culture is the most effective method for mass production of healthy and pathogen-free saffron plant materials. In vitro corm production through somatic embryogenesis as an effective method for plant regeneration could be one of the most important aspects of application of tissue culture in saffron.
There are several reports on the application of TDZ, as a very effective growth regulator for somatic embryogenesis induction (e.g. Zhang et al., 2001, Ipecki and Gozukirmizi, 2003; Panaia et al., 2004; Gridhar et al., 2004 , Belokurova et al., 2004 and for induction of organogenesis in different plant species (e.g. Lu, 1993; Caramori et al., 2001; Mithila et al., 2003; Haensch 2004; Sharma et al., 2005, Mundhara and Rashid 2006) . In addition to the effects of medium addenda, the tissue or organ type, its physiological status, and the genotype of the donor plant appear to be important in the induction of somatic embryogenesis (Finer, 1994) . Various plant tissues have been used for regeneration and induction of somatic embryogenesis in saffron including terminal bud (Plessner et al., 1990 , Piqueras et al., 1999 , axillary bud (Aguero and Tizio, 1994) , meristematic zone (Karamian, 2004) , leaf segments (Huang, 1987) and ovary (Bhagyalakshmi, 1999) .
There are a few investigations published on saffron somatic embryogenesis (George et al., 1992; Karamian and Ebrahimzadeh, 2003; Karamian, 2004; Blasquez et al., 2004a&b; Alvarez-Orti et al., 2004) . Also there are some other researches carried out on in vitro regeneration of saffron through cormogenesis (Homes et al., 1987; Plessner et al., 1990; Aguero and Tizio, 1994; Piqueras et al., 1999; Blasquez et al., 2001) or via organogenesis (Ilahi et al., 1987; Huang, 1987; Bhagyalakshmi, 1999; Ebrahimzadeh et al., 1996; Ebrahimzadeh and Rajabian, 1998) . However, in spite of these studies, there is not a defined and routine protocol, published so far for mass production of saffron microcorms through tissue culture. So, utilization of TDZ in various concentrations was considered to be investigated on saffron somatic embryogenesis induction from different types of corm explants. Studies were also conducted on maturation of somatic embryos, plantlet regeneration and finally microcorm production.
MATERIALS AND METHODS Plant materials and Surface Sterilization of Explants
Rest corms were collected from a 4 year-old saffron farm in Torbat e Heydarieh (Khorasan province) in September 2004. After surface sterilization, different parts of the corm tissue (terminal bud, axillary bud, upper or lower parts of the corm tissue and the terminal buds from pretreated corms at 4 °C for 2 weeks) were used as explants (Fig. 1) . For surface sterilization, the scales were removed and the corms were sterilized using 70% ethanol for 45 seconds and then 0.2 % (w/v) HgCl 2 solution for 20 minutes and finally rinsing the corms with sterile distilled water 3 times for 15 minutes.
Culture Media
MS basal medium supplemented with 3 % sucrose and 7 gL -1 agar was prepared and the pH was adjusted to 5.8 with 1N KOH or 1N HCl prior to autoclaving at 121°C for 15 min. TDZ was added after filter sterilization using 0.2 μm pore-size disposable filters. When the temperature of the media was about 50 °C, sterile TDZ was added to the media in different concentrations (0, 0.1, 0.25, 0.5 mgl -1
) and the media were distributed in Petri dishes and gelled.
Somatic Embryogenesis Induction
After preparing the media, different types of explant from the corm tissue ( Fig.  1) were cultured in Petri dishes (90 ×15 mm). Cultures were maintained at 25±1 °C under 16/8 h (light/darkness) photoperiod with a light intensity of approximately 4000 lux. These cultures were subcultured every 4 weeks. After 10 weeks, the total number of glubular embryos induced on each explant was counted. The experiment was carried out as a factorial based on completely randomized design with 20 treatments in 3 replications (Petri dishes) and 5 explants in each replication.
Maturation of Embryos
After further proliferation on MS medium supplemented with 0.25 mgL -1 TDZ, globular somatic embryos were transferred to MS medium without TDZ but containing 2 sucrose concentration levels of 3 and 6 % for maturation. These two media were combined with 3 further maturation treatments including incubation at 25 ±1 °C in the light, keeping cultures in the cold room (at 4 °C) in the dark, and addition of 1 mgL -1 ABA into the medium plus incubation at 25±1 °C in the light) for 2 months after then the total number of matured embryos in each culture dish (containing 5 embryogenic masses) were counted. This study was also carried out as a factorial experiment based on completely randomized design with 6 treatments, in 5 replications and 5 explants in each replication. Other conditions were similar to the previous experiment.
Data collection and statistical analysis
Data were collected by counting the number of explants with embryogenic response, number of globular embryos induced on each explant, number of hornshape (matured) embryos and finally the number of plantlets regenerated from each culture dish. These data were analyzed using the General Linear Models (GLM) procedure of SAS (Ver. 6.12) system and the means were compared using LSD test. Data were subjected to transformation and a radical conversion [(X+0.05)**0.5] was used. Non-transformed means have been brought in Tables and Figures. 
RESULTS AND DISCUSSION Somatic Embryogenesis Induction
The embryogenic callus was first formed from the corm tissues cultured on the medium supplemented with 0.5 mgl -1 TDZ within 2 months and later appeared on two other TDZ concentrations (0.1 and 0.25 mgL -1 ). The embryogenic calli were often nodular, compact and yellowish (Fig. 2) . Statistical analysis showed that different concentrations of TDZ affected the embryogenesis induction, significantly while surprisingly different types of explant did not show a significant effect on this process. Also the interactive effects between TDZ concentrations and explant types were not significant (Table 1) . Maximum embryogenic callus was induced on 0.5 mgl -1 TDZ (Fig. 3) and the highest number of globular embryos (12.04 embryos per each embryogenic explant) and maximum conversion of globular to horn-shape embryos (86 %) also obtained from this concentration ( Table 2 ). The percentage of explants with embryogenesis induction response increased with increasing TDZ concentrations, so more induction might be possible using higher concentrations of TDZ.
All types of explants produced direct somatic embryogenesis without an obvious intermediate callus and the induction rate was not significantly different among different types of explant used in this experiment. The first possible explanation is that all parts of the corm tissue regardless of their types maybe able to produce somatic embryos. Another possibility is that as all types of explant used contained meristemic cells (terminal and axillary buds and upper or lower parts of the corm tissue containing nodular points) the existence of these meristemic cells might have been essential for somatic embryogenesis induction.
Thidiazuron has promoted somatic embryogenesis in many plant species like soybean, tobacco, legumes and pelargonium (Hutchinson et al., 1996) . In many cases, TDZ has stimulated embryogenesis with a higher efficiency and frequency compared with other cytokinins or the combination treatments of auxins and cytokinins (Visser et al., 1992; Zhang et al., 2001; Belokurova et al., 2004; Panaia, 2004) . TDZ is thought to affect the endogenous ratio of auxins to cytokinins which in turn influences the stimulation of somatic embryogenesis (Visser et al., 1992) . In the present study, effective embryogenesis induction was observed using TDZ and higher concentrations were more effective. Although Blasquez et al., (2001) have previously used TDZ for proliferation of cormogenic calli of saffron, but to the best of our knowledge this is the first report on somatic embryogenesis induction in saffron using TDZ.
Maturation of Embryos
Sucrose concentration in the culture media affected the maturation of somatic embryos, significantly and the average number of matured embryos in each culture dish was 50 embryos for 6 % sucrose compared with 35 embryos in 3 %. Cultures incubated at 4°C in the dark had the maximum maturation rate and ones cultured on ABA containing medium and incubated at 25 ±1°C in the light had the minimum maturation rate (Figs. 4 and 5) . Using 6 % sucrose in the culture medium accompanied with keeping the cultures at 4 °C in the dark for 2 months seems to be the most effective treatment for maturation of globular embryos (Table 3 and 4) .
Utilization of cold treatment (4 °C) for maturation of somatic embryos has been reported by Corredoria et al., (2003) . According to Deng and Cornu (1992) pretreatment of globular embryos in darkness at 4 °C for 2 months increased the percentage of maturation of embryos. It has been shown that a high level of sucrose in the culture medium promotes the maturation of somatic embryos (Komatsuda et al., 1988) . The results obtained in this work are in consistence with these researchers.
However, although ABA has been used for embryo maturation in many species (e.g. Becwar et al., 1989; Jones and Staden 1995; Karamian 2000) , but in the present experiment no satisfactory results were obtained from ABA containing treatment in the present work and most of the globular embryos cultured in this medium got brown and died later.
Plantlet Regeneration
Most of the matured embryos cultured on ½ MS medium without growth regulators produced plantlets with microcorm and occasionally roots, within 3 months and afterwards (Figs. 6 and 7) . Whereas the ones cultured on medium containing 1 mgL BA returned to globular stage and produced more globular embryos and callus (Fig. 8 ). This seems to be different from the results reported by Karamian (2000) recommending supplementation of medium with 1 mgL -1 of both NAA and BA for conversion of saffron somatic embryos to plantlets. Finally, Fig. 9 illustrates a comparison between the in vitro produced microcorms with natural corms.
In this study, an efficient procedure was developed for induction of somatic embryogenesis from different types of corm tissues of saffron (Crocus sativus L.) using TDZ, and further development of somatic embryos, maturation, plantlet regeneration and finally microcorm production were successfully achieved. This procedure can be used both in saffron breeding and improvement projects as well as propagation of pathogen-free microcorms for saffron farmers. 
